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Isolation, Identification, and Physiological Characteristics
of some Sulfur-Reducing Microbes

LEE, Min Jai, and Myung Soo OH
(Dept. of Botany, Seoul National University)

ABSTRACT

This work was designed to illustrate physiological effects on the elimination of

sulfur and its compounds in petroleum using sulfur-reducing bacteria.

Desulfurizing bacteria were collected from sewage and soil at sveral areas in Seoul

and Ulsan, Korea.

Seven species of sulfur-reducing microbes isolated were identified as:

marginata, Ps. effusa,

Ps. bowles:ae, and Ps. aeruginssa.

And some experiments were performed to define the growing

Ps. putrejaciens,

Psexdomonas

Ps. pseudcmenelli, Ps. xanthochlora,

characteristics of

the Pszudomonads and the results obtained are as follows:

1) Shaking culture method was more effective for the growth of

stagnant culture.

the cells than

2) Beef pertone medium was better for the growth than other media.

3) Cuprous chloride of 50 ppm and cupper sulfate of 300 ppm treated, respectively,

in the medium were effective for the growth.

4) Benzene or toluene of 5,000 ppm and petroleum ether of 50,000 ppm did not
show remarkable inhibitory effects on the growth.
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Table 1. Composition of different modia.

\ MediumMedium !Medlum !\/Iedlum ‘Medmm

Componﬁ‘él(nsstlfzf)l B l C D
Na,HPO,. 4H,0 1gm lgm
K. HPO, 2gm 2gm
NH.,NO, 2gm 2gm

MgCl,. 4H,0 0.25gm 0.25gm
MnCl,.4H,0 0.01gm 0.01gm
CaC0..2H,0 0.0lgm 0.0igm
FeCl, 0.0lgm 0.0lgm
Na,S:0, 16zm

Petroleum 5—20%
Hydrocarbon

Yeast Extract 5gm

Beef 50 gm

Peptone 5gm

1000mZ 1000m/ 1000mZ 1000m!
7.0 7.0 6.6 6.8

Dist. water
Initial pH
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B mEs 43 lgm, TRE ImlE %
# WHEARK smld] Y2 BE &, o] BE
e EX MY R By &% EEs
ik (Table 1. g7 W= ii%cﬁ] A
BHEE TRkE HIEE 5% HilE Eaer
of BEHIE whEGIVE. BEERRY {mfé:‘" 28°C
< MEFFShOl L il B Mg Bergey's
Manual(1957) ¢ F+ = s}3, Haynes(1951),
Liston ef al. (1963), Gaby(i1953), Rhodes
(1957), Hendrie et al.(1966)% Lysenko(l

961) ) S TS B
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Na,HFPO,-H,0,1gm:K,HPO,,2gm:MgCl, -
6H,0,0. 25gm: MnCl,-4H,0,0. 01gm:CaCO,,
0.01gm: FeCls, 0. 01gm:NH,NO;, 2gm: %
<=, 1,000ml:petroleum hydrocarbon,5%:
agar, 20gm: initial pH,7.0: 3= EE 28°C
incubation,5 days.
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Gram Hefaphd] o3k Hfaie beef pep-
tone agar FEHbiel Al 10~24F5fH =}ek BEE
{#H3 2™ Yashima BYL-2 JCEREEMEE o
= BESOY. MRS BY HERE ¢
$#4 JEOL T—7E BTFEMHHEY FAY
t}. Beef agar BtHiell 4  108ffE, 1H,
2H, 7HME = BWE HEH=E o4 &%
10ml2} S BT % 28°CoAl A 165
Zol B & wax block ¢4l dkul-g
T olel] 0.5% uranyl acetate® [/
B fnsled 247R #iE3lel negative stain-
inge &gdvk. 574 20~30A2 collodion
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e dl gridell BEE #Estd  40°CY
ovendrell A 305 FIBTHR INAEEEE 25
KV=z JEOL T-7# BFEHH 943 =
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Fontana's silver-plating #Hf§e] #ES
{# F3FS1 ) (Rhodes, 1958).

r}. Slime3d capsulefZi

Capsules} #fEst slimed BZEsly] ¢
8led Novelli(1953)% Rhodes®] HiEE
skt

2b. R

YE agar$} beef peptone agarE A}$-
slglvh o] & AET BWEREMIcIE &
A w2 EEE sle 2 WM %= 5
H=A FERHSA =t

a) BE HHE

-1, 1, 5, 12, 15, 25, 37, 42, 45, 48,
50°C ol A1 8] Bge] WAEEE BiEstdet.

b) BEEEFS] initial pHS R

N-HClz} N-NaOHE #}-¢-814 8.0, 7.0,
6.0, 5.5, 5.0, 4.5, 4.02.2 pHE =F
o3 JiEHES Beckman Model DU
spectrophotometerZ 4 2. BYLEEe|
w T EEEE HE EElsch

c) NaCl #E] #E

5mlo] EZ#bel] 6.5, 5.0, 4.0, 3.0, 2.5,
2.0%(w/v) NaCl& #insle] #8 s5&s)
A+t

d) Potato slopes| A1 4 E

Mackie & McCartney(1953)dl &3+
ES #Eskd =& potato sloped] ES
R, BESICh. 2o FiREEHY Rl
Hiell 1 9] 44, nutrient agar, potato dex-
trose agar o 2 slantel] A9l 4E, be-
ef peptone agar ¥ Z slantdl Ay 4 E,
infusion brothel] 49 4 £, nutrient br-
oth dl 48] A& £& #AEsIA-}.

oh (LB R

a) Catalase A&

24FF =}=t #el v} 3% H.0%
bubbled] K& WEs4 -t

Imsked
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b) Peptonecl] 4 ammonium¥ AR

Peptone waterel] & Mt 5~7H
B elokglk # Nessler'siA%ES T aled
ammonia AR & FESA .

¢) Gelatin k52

Nutrient gelatine]] FEfE3F % 4~8 By
=tz el Acid-HgCl.E sl A clear
zone¥ FEIA T

d) Milkel] =3 £

Be litmus milk(pH,7.0)2+ B.C.P.
milk (pH,7.0)el #EfEsted  28°Cell 4 5~7
BR g # B9 #{L clotting, casein
digestionz} dye reductiong F{#AE v},

e) Reductase &

¥ methylene bluef & milks]
Al A BERER methylene blued] 9]
#|LE WAt o

f) Indole RE&

1% peptone wateroll 4 2~3HMH =}z
Bl 1mle] xylol& ¥inst #% Ehrli-
ch’s reagentE 5~6ulg& "ol =],

g) Voges-Proskauer(V.P.)#%

Barritts®] Jjikel Al 53-8l P9e BAEE=IV.P.
R8-S glucose phosphate Efifel] 4] 1~
EHM BES % 10% KOHEW 5ccE
T WA

h) Methyl-red &5

Glucose phosphate ¢i] 4 3~4H [ E2&%
#% 0.04% methyl red alcoholVAH S 4~
5Hie WT el AEe .

i) Nitrated nitritez2] &

PeptonelEith(%<{(w/v): bacto peptone,
1.0; NaCl, 0.5; NaNO;, 0.1; pH,7.0)q]
sl 3~5HM E% Griess reagent
& WTsld A&

Nitrates} Bxs =28 #AEs B
A zinc dustFFEES #AHSY .

j) Nitritee] &

PeptoneEs#iel]l 0.002%2% NaNO, & &
sk, BEE BAEI %R 6~sREM] Hdl M|
34l

k) Lipobytic activity
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Rhodes(1959) 7} {# A%t Jones & Rich-
ard®] J#:st Bulder(1955)8] fiEg {#F
shoich. BRI MRS wHea 2h (%,
w/v) NH,H,PO,, 0.1; KC1,0.02; MgSO,-7
H,0, 0.02; extract(oxoid),0. 3;
agar, 2.0; olive o0il,5.0; pH,7.3), pHS]
#Ee N-NaOHE f{#HHs9 2™ night
bl ued] baseE &FT olive oile] E& B
FEL 1/15, 00001 917

1) H,S £

Kligler’s iron agar(oxoid)#5#i=}t lead
acetate agar B 1.0%(w/v)  sodium
thiosulfate® }nsl HeHbol ZfEstd 28°
Coll A 3~5HMH HEAZ % FAESHA .

m) Loeffler’s serums] #ik

Bacto Loeffler blood serum 80gm<
1, 000mi2] B7K (42°~45°C)el] =53] % 15~
20508 SEL DEER She REBRRE 2obA
capped test tubesi] o] 15 lbs/in’¢] 4 10
43R5 coagulation A 7] (o]« autoclave@
o mEE WohlA Fx KERS ER7F
E&R REE) =hg<l autoclaveREHE 2
5] KERE AL B F4l 15lbs/in®l A
1551 @t B S HEsat.

n) Peptonesziicl] A Rk {bsy FlAEHE

PeptonefZi (%<{wv/), proteose peptone
1.0;NaCl 0. 5; carbohydrate 1.0; bromot-
hymol blueldik1/500, 1.2;pH7.2) ¢l £
RKbE Hwmmnste Bia tAENRE #BE
stk AR ®AREse 217k 24, L-

dextrose, dextrin, dulcitol,

yeast

arabinose,
D-fructose, galactose, inulin, lactose,

maltose, mannitol, mannose, melibiose,

pectin, raffinose, rhamnose, salicin
D-sorbitol, sucrose, xyiose, starch,
trehalose o]},

0) B— &n mEFEL=A ks

FIHE
orell Al A A WK HE FASY EHe
WK FIREE #EEs- e 1.0,0.
5, 2eT 0.1%w/me Hid waw
wi x| D(beef peptone agar)s] E§-E #:f,

{Vol. 10, No.4

5HM woFst # Gram’s jodinegd & A &}
shed .

p) Huch & Leifsong] FHiE(Huch &

Leifson, 1953)e] wl& T = FIFE

10m/¢] basal peptone agar =} =] 1.0
%W/ zxd S9L HmmAA 2MA
A& Aol s g}, T BE HEEs
7ol & whlE FHAHTHE SFE T EHEEHE
B B lem #EEY  paraffin wax®
gk # skgl o, A4k o =& bromot-
hymol-blue® st~}

o G, REE @Y KEEES
$lThed Hrhe] MIE, BEHE, EE 5%
B BB o T HEEEGRE B
T}, ffH= Table 100 leby HE#irp
A HEpslglod HEHEL BEEES
REEESY 27 ke #ehoch. REE
= reciprocal type(112 rev/min)-%& {# g}t
o &iE pHYE EETAIA EHE A=
o) B ARESY 4593, 2591, 37
1, 559 1% 402 o] B9 -H

EEEE L 94 DU spectrophotometer
E FiHsH

AEEBERIRE S o2 SHRES BLE ¢
7] $1sted B DelA 28R 4RI EHE
£ st z Rged BEEe R B
F4 =, o] =] K chambers] $-2
main chambere] BaE ekl ImlE M/15
ol AbbEd 1mle} £l ¥slx, cent-

{s

Ol

g 2482, ta
A AR EEEE s BeElTE S HER
Aol et

= o4 FES AEETEES AR
FimEsel vzl = BEE R $ad
benzene, toluene, petroleum ether %-&
BERS e S & B\ EEs
o] B9 iEZE DU spectrophotometer
£ FlHstd FAEsts=t.
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Table 2. The data of morphological growth characters and biochemical tests of 7 kinds

of sulfur-reducing bacteria (A)

~—__ Species No.

: 1 2 3 4 5 6 7
Characters T
Shape Rod Rod Rod Rod Rod Rod Rod

. 0.5~0.6 - 0. 6~0.8X%| 0.6~0.7 {0.75~ 1.5{0.5~0.7X0.5~0.6X%
Size (1) %0.8~1.8 09X L5 o g X1 3~1.5| X3.0 | 1.2~1.6 | 1.2~1.6
1’ Single, Siqgle,
Number Single | Single ls)il?fsle or| Single | Single lsaﬁgrst ?:111 lsaﬁgrst &
ain Chain
| lo—ﬁ‘rBi{l_l One or | a polar | 1-4 polar | 1-3 polar | 1-2 polar | 1-2 polar
b three po-| flagellum| flagella | flagella |flagella |{flagella
Flagella agella e-
ncapsula- kﬁ" flag-
| ted ella
Gram Staining ‘ Negative t Negative ‘ Negative | Negative I Negative | Negative | Negative
Liquefy Liquefled_.- Rapidly | Moderate | Slowly Liquefied| Rapidly
A nonelis 130 vefied,| Crateri- | Liquefied Liquefied
. quefing que s quefie iquefi
Gelatin variet Stratiform| form
S L | liquefact- | Liquefac-
found ion tion
Loeffler’s Blood i , | ‘ ‘
Serum ‘ ™ | T l ++ ‘ J - ‘ Sy

| Nitrite production _ ‘ _ ‘
from Nitrates } { ' } ++ 1 ++ ‘ -
Indole Production + ‘ ’ — ’ — { X , + , RIS
Hydrogen Sulfide ‘ —+ J + [ ' + ] + -+ ;

1 Methyl Red Test l — ;' — | — ‘ — 1 - . l -
Starch Hydrolized ! X ; X ‘ X — } 1% — _
Lipolytic " + l ++ : ++ | -+ J + + ‘ 44 l 4

| OO opr:ssec| Opezsoec) PPBTCT Opta7eC| Opti27°C| Opti37oC
Temperature Max: 10° CvMax 48°C| Max:40°C o | Max:44°C, Max:40°C good gro-
Relation Min:'SL 1No_ gorowt» No gorowt- agilvwaie Min: —1°Cjwth at
9°C h:50 C |h:42°C 425C 42°C
pH4. 6— | O . . | . -
‘ pt-pH Opt:pH (Opt:pH7. 20pt: pHe.80pt: pH7. 2| Opt:7.0
O%tlpHY 5‘ 11.0 pH range |pH range [pH range pH range
) growth in| Vlm pH | pH range 5.3—8.0 | 5.0—8.4 [ 4.5—8.6 [ 5.3—8.5
Chemical Tolerance 3. 50, salt\ 5 4.8—8.3 |No grow-| No grow- No grow-
0 pH range th in 5%| th 6.0% th 6.5%
\17101?1123 | —8.0 salt salt salt
salt
. | . Aerobic | Aerobic . . Aerobic
Aerobic | Aerobic ‘! Aerobic facultative|facultative Aerobic | Aerobic facultative
Catalase ++ ’ ++ ++ ++ ++ ++ + 4
Ammonia formed ' — ' +-+ ++ | — l ++ ‘ - _
Nitrite Reduction | ++ | ++ o+ ++ ++ |+t x
Reductase j + 4+ ’ + -+ f + 4 " — ++ ) 4+ 4+

+ -+ :Strong positive,

+:Positive, x:Weak Positive or uncertain, — :Negative
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The data of morphological growth characters and biochemical tests of 7

Species No.
Characters

:

Pigment on Media

Green fluorescent
pigment on Uschisk-
y’s medium

Pale salmon or grey
brown

white-brown

Agar Colony

White circular
smooth translucent
Viscid with define
margins at first
thin but later thick
and contoured sur-
face wrinkled

Circular raised
undulate smooth
glistening butyrcus
translucent pale
salmon color

Circular,

entire convex,
glistening, pale
salmon color to red-
dish brown opaque
butyrous

Agar Slant

Circular slightly
raised translucent
butyrous glistening
grey or water color
medium turning
whie blue

Luxuriant, glisten-
ing butyrous creamy
slightly raised
medium becomes
white greenish
fluroescent

Growth abundant
filiform*glistening
thick, salmon pink
color to redish
brown medium un-
changed butyrous

Potato Dextrose Agar
Colonies

Circular raised
capitated with

margins, entire
light brown

Circular raised
Amorphous butyrous
write grey or

water color old
culture

(light yellowish)

Circular, white

cream color, buty-
rous entire, raised
smooth, glistening

Beef Agar Slant

Circular, raised
entire butyrous
effused, grey or
light green, medium
changed light green

Circular raised
Amorphous butyrous |
white yellow green |
filiform, medium
turning green

Circular raised
entire butyrous
white yellow-blue
filiform, medium
turning grey or
green

Beef Peptone Agar

Circular convex
entire translucent
butyrous, pale,
salmon color,

Circular raised
undulate,

butyrous capitate
with margin medium

Circular, raised

entire butyrous
glistening medium
turning light green

Colonies medium changed turning green
light green pigment
Table 5. The data of morpholegical growth characters and biochemical tests
Species No.
1 2 3
Characters

Nutrient Broth

Growth abundant
Pellicle formation
moderate turbidity
viscid sediment

Fluorescent turbid
viscid sediment
medium becomes
greenish fluore-
scent

Flocculent moberate

| turbidty viscid

sediment

Infusion Broth

White turbidity
growth on test
tube wall.
viscid

sediment

Yellow turbibity
medium changed to
yellow,

surface green,
viscid brown
sediment

Ring or very thin

pellicle. moderately
to strongly turbid

palverous sediment
odor of must
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4

Brown grey or water
color

green fluorescent

Green fluorescent
pigment in culture

Greenish pyocyanin
pyorubin

Circular slightly
raised, thick, opa-
que cream colored
with irregular
margin

Circular slightly
raised entire buty-
rous, pale yellow

Circular or amoeboid
flat to convex smooth
glistening trans-
lucent border yello-
wish, moist viscid

Large spreading
greyish with dark
outer and translucent
edge amorphous or
surface wrinkled

Circular, raised
undulate opaque
beaded, irregular

Circular, slightly
raised amorphous
effused butyrous
pale salmon yellow ish

Filiform, Cohite
yellowish raised
smooth glistening
beaded

Circular flat
abundant, thin white
glistening the
medium turning green
to dark black brcwn

Circular, raised
irregular, butyrous
light grey or water
color

Circular raised
entire translucent
glistening butyrous
white or water
color

Circular raised
amorphous butyrous
glistening smooth
yellow

Circular raised
amorphous butyrous
white

Circular, raised
entire butyrous,
beaded, white
yellow-blue, medium
changed light green
or grey

Cicular raised
amorphous, butyrous
effused white or
water color medium
turning grey-brown
or green

Circular, convex
entire glistening
butyrous effused
yellow medium not
changed

Circular raised thin
amorphous butyrous,
beaded, grey or

brown medium changed
green

Circular, raised
entire, butyrous
glistening, light
vellow medium
changed yellow green

Circulate, raised
undulate capitate
with margin trans-
lucent butyrous
glistening, pale
salmon yellow,
medium turning
green

Puctiform, raised
entire butyrous
-glistening yellow
medium not changed

Circular raised

butyrous grey or
brown medium changed
green fluorscent

of 7 kinds of surfur-reducing bacteria (C)

4

Turbid with pellicle
odor of must

Flocculent in Peptone
water membranous
moderate turbidity
viscid sediment

Uniform turbibity
throughout heavy
viscous in old
culture

Marked turbidity
with thick pellicle
and heavy sediment
medium yellowish
green to blue later
brownish

Moderate clouding
viscid sediment

Strong clouding
in 24 hours white
colony

Yellow ring forma-
tion growth on
test tube wall
medium changed
brown heavy vis-
cous sediment

pellicle, moderate
turbidity viscid
sediment, medium
changed to yellow
surface green
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Circular convex
entire translucent
butyrous, pale
salmon or brown
medium changed
light green
fluorescent

King’s medium for 8hrs.
Culture

Circular, raised
undulate, salmon
color medium
turning green

Light brown

circular raised
entire medium
turning brown

ing brown

brownish flesh

colored growth

At first slightly Alkaline, Alkaline litmus
Acid, then alkaline | Coagulation and reduction
Litmus Milk casein digested digestion Peptonized odor of
Litmus reduced putrefaction
Alkaline | Alkaline Pepooni- | Alkaline
B.C.P. Milk Peptonization zation curdle Peptonization
formation
Vigorous, brown Abundant, Echinulate,
Potato color medium becom-| creamy glistening smooth, glistening

viscous
reddish brown

BRI BTEE d27 TR o ahE
Oﬂ/ﬂ 15018 EHE T+ TR o=

<4 Na,S,0:% #ngr Kling’s o = 2} lead
acetate agarigihell &l FULKEE
BN = Bk 40T o 5ol ol

BHE olsled 4% Hendrie & Shewan
(1966) 2] E]?E%%i%ﬂ] ’Z‘Gf’i Eyf 5
{%ﬁﬂ ﬁﬁ%"b% 7]'2 2
grt. ol E HHkES
S éﬁ%[&% iftﬁﬁﬁﬁ
B Table 2,3 4% 5o viehl uhel 2

o] & Table 2,3,4, % 5¢] 3= %
W2 st Bergey's manual(1957), Hay-
nes(1951), Liston et al.(1961), Rhodes
(1959), Hendrie & Shewan(1968) % [6
ERE HIRY BZFse hgol Table 64
Forgtulel o] PseudomonasEe] 45
o] ¢l 7f89) PseudomonadS [EESE S
H ol &s BTHABAEES Fo. 1, 2, 3,
4, 5, 6, B 79 Ax},

z*v =

Table 6. The species of Pseudomonads

identified.
Isolate Strain No.: Species Name
M-K-®-1-t 1 Pseudomonas
marginata
M-K-®-2 2 Ps. effusa
M-K-@-3 3 Ps. putrefaciens

M-D-T-1
M-D-T-1-@
M-Mo-1
M-Mo-1-S

=

~N oy o

Ps. psendomonelli

Ps.
Ps.
Ps.

bowlesiae

aerugincsa

srEE FER EREL WMEEBETHEY AERW
PEel BR ERRAER Kehd, Rl fkel
de ol B ARE Tab
u}-}7H pH 5.5~8.0

vk

s} 2ol

o] Fo] I gk Ao w ure
A Ed o] = Strawinski(1951)8} Rhodes
(1938,1959) 9 Azpel Ao —F sl
ol o,

RECRES AR, BEREY BY M9

ol W& WS BRE Fig. 8 9, 10,
e %% Fors 9l

Fig. 1. Strain No. 1.

xanthochlora
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Round raised
undulate grey color
medium change datk
brown or green

Round smooth raised
entire salmon color
later grey brown
medium changed
green

" yellow "brown

Round smooth raised
entire grey or brown
color butyrous
medium changed deep
green

Round smooth raised
entire, medium
changed brown

Curdling with slowly
developed acidity

At first slightly
acid later alkaline

Soft coagulation

Alkaline coagula-tion
is formed with rapid

with a slow

may be digested Litmus reduction peptonization Peptonization and
coagulated ™ casein digested ' reduction of litmus
. | reaction alkaline
Alkaline Slightly alkaline Alkaline Alkaline
Peptonized . Peptonization. Peptonization
Vigorous, Abundantly Circular raised Luxuriant, dirty

cream colored
growth medium
becomimg brown

yellow-borwn medium
becoming green

“yellow

brown, medium

amorphous
becoming dark green

glistening smooth

Flg 4. Strain No, 4.,

BEHA S IR R B B

Re WE/F #ELY HROYE

Fig.g4

A ok g gleb o] W RBREZE S recipro-
cal typelRi& 2% (112 rev/min) 2 {5}

Fig. 3. Sfrain No. 3.
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Fig. 6. Strain No. 6.

Fig. 7. Strain No. 7.

aQ
w°r 7] STAGNART CULTURF
i [Z7} SHAKEN CULTURE
y
— ;
i -
/ 1 1
108._ ¢ '_l 4 o n —t
M [
% I : 1 ,/’l
: v |
v
%
g
7 7 ;
101 ¥
% 4 v A
r/ / / /
2,
5
&

PSEUD"MC\AS SFP.

Fig.8. Comparison of growth of Pse-
udomonas spp. in stagnant
and shaken culture after 10
days.
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Fig. 9. Effects of volume of medium-
A on the growth of Pseuxdomo-
nas spp. with 10 day-culture of
shaking.
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Fig. 10. Effects of several media on the
growth of Pseudomonas spp.
with 3 day-culture.
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o WERES HRE BEY #2158
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Fig. 11. Effects of culture methods on
the growth of Pseudomonas spp.
in Medium-D.
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